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Correspondence analysis, a method of principle components analysis 
is applied to structural data collected from the Stansbury Mountains, located 
in Tooele County, Utah to aid in investigating the nature of folding and 
faulting in the region.
The Stansbury Mountains of north-central Utah lie along the western 
edge of the Sevier orogenic belt, in the eastern Basin and Range 
physiographic province. The dominant structural feature of the area is the 
north-trending, east-vergent Deseret anticline which is interpreted as a 
tight, steeply overturned fold. Along its overturned eastern forelimb, the 
Deseret anticline is juxtaposed against the east-vergent, Martin Fork syncline 
to the east, by the Broad Canyon .thrust.
Results from the correspondence analysis suggest that deformation in 
the upper and loiver plates of the Broad Caijyon thrust are very similar. This 
may be due to the occurrence of the shared overturned forelirnb of the 
Deseret anticline/Martin Fork syncline fold pair within the upper and lower 
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CHAPTER I - INTRODUCTION
Location and Geologic setting
(
The north-trending Stansbury Mountains lie near the eastern edge of 
the Basin and Range physiographic province, 75 km west of Salt Lake City, 
Utah (Figure 1). The Stansbury Mountains are flanked by Salt Mountain and 
Skull Valley to the west, and by South Mountain and Rush and Tooele 
Valleys to the east. The range rises just south of the present shoreline of 
Great Salt Lake and Interstate 80, and trends southward for 44 km to Johnson 
Pass on State Highway 199.
The Stansbury Mountains Ife within the^dominantly north- to 
northeast-trending, late Mesozoic Sevier orogenic belt of Armstro^ig (1968), 
in a region just west of the east-trending Uinta structural trend (Figure 2). 
The Uinta "axis" marks an important deflection in the tectonic strike of 
frontal thrusts of the orogenic belt. In this region, the trend of thrust faults 
generally wraps around the west end of the Uinta trend, in a convex pattern, 
open to the east (Bryant and Nichols, 1988). Many other details of the 
Mesozoic structural framework of the orogenic belt are obscured by 
alluviated extensional basins and Tertiary low ancLbigh-angle extensional 
faults. In addition. Tertiary volcanic rocks cover much of the area. 
Fortunately, the stratigraphic framework of the Paleozoic Cordilleran 
miogeosyncline in this region is well known (e.g. Armin and Moore, 1981; 
Rigby, 1958; Stewart, 1972; and Teichert, 1959) (Figure 3).
The geology of the Stansbury Mountains consists of regional scale 
















fold pair, juxtaposed by the Broad Canyon thrust. The Broad Canyon thrust 
trends nearly the entire length of the Stansbury Mountains, and places Lower 
Cambrian to Mississippian/Pennsylvanian strata, in the hanging wall, above 
Ordovician to Lower Triassic strata in the footwall (Rigby, 1958; Tooker and 
Roberts 1971; Sorensen, 1982; and Moore and Sorensen, 1979 (Figure 4).
Previous Work
Greenacre (1984) first recognized the potential of the application of
correspondence analysis to solving gelogic problems. Since then, several
0
workers have successfully applied this method of multivariate principle 
components analysis to help solve geologic problenas including Goldstrand 
,, and others (1990), and Donalson (1989)
Many workers have contributed to the understanding of the geology of 
the Stansbury Mountains. Studies of Armin and Moore (1981) focused on 
the stratigraphy and depositional environments of the 
Pennsylvanian/Permian Oquirrh Group. Jordan and Allmendinger (1979) 
described in detail the Upper Permian and Lower Triassic stratigraphy within 
the Martin Fork Spring syncline, in the east-central part of the range. Davis 
(1959) discussed the petrology and petrography of late Eocene igneous rocks 
in the east-central portion of the Stansbury Mountains and to the west at Salt 
Mountain and recognized the eastward tilt of the range during the late 
^ Tertiary. Rigby (1959) provided a thorough discussion of the Late Devonian
unconformity in the Stansbury Mountains and surrounding region and its 
tectonic implications. Reports published by Rigby (1958) and Teichert (1959) 
















structural history of the area. Tooker and Roberts (1971) and Tooker (1983) 
provided more recent structural irjterpretations of the area and discussed the 
regional significance and correlation of multiple thrusts in the area.
Rigby (1959) summarized the tectonic history of the Stansbury 
Mountains in terms of two main periods of uplift and folding. The first 
event, termed the "Stansbury uplift," occurred during the late Devonian and 
resulted in the formation of the Stansbury anticline and a regional 
unconformity. The second period of tectonism according to Rigby (1959) was 
related to the Laramide orogeny which "broadly arched the range along the 
trend of the Devonian (Stansbury) uplift" concurrent with reverse faulting
t
and "overfolding of the range." The conclusions of Tooker and Roberts 
(1971) contrasted sharply with those o*f Rigby (195^), concerning the timing 
relationships of folding and faulting in the area and the number of r-everse 
or thrust faults exposed in the range. Tooker and Roberts (1971) interpreted 
four imbricate thrust faults within and bounding the range, including one 
along the Late Devonian unconformity. They also proposed that the Lower 
Cambrian Tmtic Quartzite presently exposed in the core of the range owes its 
presence to folding and ramping up along the "Timpie thrust" during the 
Sevier orogeny, not during the Stansbury uplift or later Laramide tectonic 
events.
Purpose and Scope
^ The purpose of this study is to explore the application of 
correspondence analysis, a multivariate statistical analysis method, to aid in: 




















Stansbury Mountains; 2) resolving certain discrepancies of published 
structural interpretations of the area (previously discussed) including the 
number of thrust faults exposed in the range and the nature of the Devonian 
unconformity; and 3) correlating various structural features within the 
tectonic framework of the region.
This report summarizes results of geologic mapping and structural 
and correspondence analysis of Paleozoic, Mesozoic and Tertairy rocks 
exposed in the Stansbury Mountains. Field work included mapping at 
1:24,000 scale and taking detailed outcrop descriptions along several transects 
perpendicular to the tectonic strike of the study area. Three transects are on
t
steep ridges bounding South Willow Canyon and Miners Fork of South 
Willow Canyon in the edst-central part of the range, A fourth transect 
followed the ridge bounding Spring and Big Creek Canyons on the west side 
of the range (Figure. 5). All of the transects follow sharply cut and/or 
glaciated stream drainages which provide excellent exposure of structural 
relations within the fold limbs and hinge zone of the Deseret anticline. 
Observations such as lithologic character, deformational features, and 
orientation were recorded in the field for all exposed stratigraphic units.
Plate 1 shows a view of South Willow Canyon to the west.
The geologic map shown in Figure 5 was compiled from a 1:62,500 
scale published map by Sorensen (1978), published and unpublished 1:30,000 
scale maps by Jordan and Allmendinger (1979), and 1:24,000 scale 
unpublished maps by myself. All of the bedding orientations and normal 
faults with the exception of those in the vicinity of the Martin fork syncline, 
and the western range front fault were mapped by myself (Figure 5). Two 





















show the present structure of the central part of the Stansbury Mountains 
and a palinspastic reconstruction of the pre-Tertiary structure of the area 
(Figures 6, & 7). These cross-sections are my own structural interpretations 
based on detailed mapping conducted by myself, unpublished mapping of the 
Martin Fork Syncline and vicinity provided by T. Jordan, and more regional 
mapping conducted by Sorensen (1982).
Correspondence analysis (Greenacre, 1984^modified by Carr, 1990) is 
applied to structural data collected from the Stansbury Mountains in an 
attempt to reveal correlations of various deformational features and their 







CHAPTER II - STRATIGRAPHY
General statement
A discontinuous stratigraphic section containing Lower Cambrian
through Lower Triassic rocks is exposed in the Stansbury Mountains (Figure
3). The Paleozoic and Mesozoic sections are generally characterized by thick
carbonate units separated by thin shales and sandstones overlying a thick
sequence of Lower Cambrian quartzite. Sandstone becomes more prevalent
towards the top of the section. The Late Devonian unconformity omits a
»
maximum of 1.9 km of the lower and middle Paleozoic section within the 
central part of the range> where Upper^Devonian and Lower Mississippian 
rocks overly Lower Cambrian strata. Figure 3 shows a stratigraphic column 
of rock units exposed in the Stansbury Mountains.
The following discussion of the stratigraphy of the Stansbury 
Mountains is based on published descriptions by Armin and Moore (1981), 
Teichert (1959), Sorensen (1982), Stokes and Arnold (1958), and Jordan and 
Allmendinger (1979). The following stratigraphic descriptions emphasize 
the lithologic characteristics of the units and their position within the 
structural framework of the study area. Discussions of the Late Devonian 
unconformity of Rigby (1959) and Tertiary conglomeratic rocks within the 























Lower Cambrian Tintic Quartzite
The Tmtic Quartzite is a medium bedded, medium to coarse grained 
quartzite. The uppermost section is a reddish-brown, medium to thick 
bedded, pebbly quartzite. The majority of the unit is thin to thick bedded, 
light gray to light tan quartzite, commonly weathered reddish-brown with 
hematite staining. The lowermost part is a light-pink, brown and maroon 
quartzite conglomerate. The unit is well exposed along the crest of the range 
where it forms the core of the Deseret anticline. The base of the Tintic
t
Quartzite is not exposed in the study area, but it presumably conformably 
overlies upper Precambrian strata. The Tintic QuarUite is exposed in the the 
hinge zone and backlimb of the Deseret anticline, in the upper plate of the 
Broad Canyon thrust, for nearly the entire length of the range (Figure 4). The 
thickness is the Tintic Quartzite is estimated to be approximately 1280 m 
(Sorensen, 1982) (Figure 3).
Middle and Lower Cambrian Ophir Group
The lower section consists of brown-tan weathering, calcareous 
sandstone and sandy blue limestone underlain by dark gray sandstone and 
shale. The upper section consists of dark gray to light green calcareous shale 
and siltstone with lenses and partings of black limestone, overlying a thick 
sequence of interbedded limestone and shale. The unit occurs in the upper 
pla^e of the Broad Canyon thrust in the northern, western and south-central 
parts of the Stansbury Mountains. Total thickness of the Ophir Group is 





















Middle Cambrian Teutonic Limestone
The Teutonic Limestone consists of thick to medium bedded 
argillaceous limestone with silty partings, and blue gray limestone with thin 
silty partings, interbedded with olive to brown-green shale. The unit is 
exposed in the upper plate of the Broad Canyon thrust at the northern and 
south-central parts of the range (Figure 4). The Teutonic Limestone 
conformably overlies the Ophir Group and is approximately 160 m thick 
(Sorensen, 1982).
Upper and Middle Cambrian Carbonate Rocks, undivided
$
The lower part is thin bedded black limestone, weathering blue-gray, 
which contains trilobites along tan silty partings. The middle section consists 
of finely to medium crystalline gray black dolomite weathering orange^ 
brown. The upper part of the unit is mostly white and light to dark gray and 
black dolomite with some silty partings and minor limestone interbeds. The 
Middle and Upper Cambrian strata occur in the northern and south-central 
parts of the Stansbury Mountains, in the upper plate of the Broad Canyon 
thrust (Figure 4). This unit conformably overlies the Teutonic Limestone 
and its thickness is approximately 430 m (Sorensen, 1982).
Upper Cambrian Aiax Dolomite
The uppermost Cambrian unit, the Ajax Dolomite, is composed 
entirely of dolomite. The dolomite is medium gray to black in color and tan 
to gray on weathered surfaces. The Ajax dolomite is thin-to-medium bedded 
and fine-to-medium grained. This unit is exposed in the northern and 






















thrust (Figure 3). The Ajax Dolomite conformably overlies Middle Cambrian 
rocks. Thickness of the Ajax Dolomite is approximately 240 m (Sorensen, 
1982).
Ordovician rocks, undivided
The lower part (Garden City Formation) consists of dark blue-gray, 
thin-to-medium bedded limestone with abundant interbeds of silty 
limestone weathering reddish-tan. The middle section (Kanosh Shale) is 
dark blue and green to black, fissile, micaceous shale, interbedded with 
siltstone, sandstone, and quartzite which weather rusty orange-brown. The 
upper part (Fish Haven Dolomite) is thick to thin bedded, medium 
crystalline, dark and light, gray dolomitd', which is fossiliferous in the lower 
half. Dolomite occurs near the bottom of unit. Ordovician rocks occur in 
the upper plate of the Broad Canyon thrust (Figure 4), at Salt Mountain and 
in the northwest and the south-central parts of the range, and in the lower 
plate near Timpie Valley. All contacts within the Ordovician units are 
believed to be conformable. Total combined thickness of the Ordovician 
strata is approximately 460 m (Sorensen, 1982).
Silurian and Devonian dolomite, undivided
The lower part (Silurian Laketown Dolomite) is composed of light 
gray to dark blue-gray, thin-to-medium bedded, coarse-to-medium crystalline 
dolomite, with common chert lenses. The tniddle part (Devonian Sevy 
Dolomite) is light gray, weathering to white, microcrystalline, thin-to- 
medium bedded dolomite. The upper section (Devonian Simonson 




















gray, coarse crystalline, sandy dolomite. These units occur in the lower plate 
of the Broad Canyon thrust, in the northeastern part of the range, and in the 
upper plate in the south-central part of the range (Figure 4). Lower contacts 
of these Devonian and Silurian units are believed to be conformable. Total 
combined thickness of the Simonson, Sevy, and Laketown units is 
approximately 300 m (Sorensen, 1982).
Upper Devonian/Lower Mississippian Pinvon Peak Limestone and 
Stansbury Formation, undivided
The majority of the unit is highly variable and may consist of the 
following interbedded lithologies: poorly sorted dolomite and quartzite 
conglomerate with subrounded clasts typically ranging from 1 to 20 cm in 
diameter, with a maximum reported size of 74 cm; medium bedded, light 
tan-brown quartzite weathering rusty tan-brown; dark gray weathering light 
gray and tan, fine crystalline argillaceous dolomite; dark gray weathering 
medium gray and tan (when argillaceous) microcrystalline limestone; and 
light tan-gray, weathered rusty, commonly calcareous sandstone. The unit 
occurs in the lower plate of the Broad Canyon thrust in the northeastern part 
of the range, and in the upper plate w^st of Timpie Valley, at Salt Mountain, 
and in the south-central part of the range. The base of the unit is 
everywhere unconformable. The top of the unit is locally unconformable or 
gradational. This unit varies in thickness from 0-520 m in the Stansbury 
Mountains (Sorensen, 1982).
(
Lower Mississippian Gardison Limestone
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weathering, fossiliferous limestone underlain by thick bedded, dark gray-to- 
black dolomite. Brown weathering black chert nodules are common 
throughout the section. The lower contact of the Gardison Limestone is 
unconformable in the northern and southern parts of the range where it 
overlies Upper Devonian to Lower Cambrian rocks. The unit is overturned 
and in normal fault contact with the Lower Cambrian Ophir Group in the 
vicinity of South Willow Canyon. Thickness of the Gardison Limestone 
averages 270 m (Sorensen, 1982).
Upper Mississippian Deseret Limestone and Humbug Formation, undivided 
The lower part (Deseret Limestone) is thin bedded light gray-blue 
limestone with thin interbeds and lenses of black chert The upper part 
(Humbug Formation) of the section is a thin bedded calcareous sandstone, 
containing detrital fossil fragments, interbedded with thin bedded, light 
gray-blue weathering limestone and argillaceous limestone, and minor thin 
bedded quartzite. The Mississippian units occur within the forelimb of the 
Deseret anticline, in the upper plate of the Broad Canyon thrust, where they 
are commonly overturned, and in the lower plate in the northeastern part of 
the range (Figure 4). The lower contact of the Humbug Formation with the 
underlying Deseret Limestone is a normal fault in the vicinity of South 
Willow Canyon and is conformable in other areas. Combined thickness of 
the Humbug Formation and Deseret Limestone is approximately 460 m 
Sorensenm, 1982).
Upper Mis,sissippian Great Blue Limestone
















to dark blue-gray, weathering dark-to-light gray, locally fossilifcrous, fine-to- 
medium crystalline limestone. Silty limestone weathers tan-brown. The 
unit grades upwards to thin bedded shaley limestone near the gradational 
contact with the overlying Pennsylvanian/Mississippian Manning Canyon 
Shale. The limestone occurs with intercalated sandstone and siltstone, and 
commonly forms the first steep escarpments west of the Broad Canyon 
thrust, where it is typically overturned (Figure 4). The lower contact with the 
Humbug Formation is conformable. The Great Blue Limestone is 
approximately 370 m thick (Sorensen, 1982).
t
Upper Mississippian/Lower Pennsylvanian Manning Canyon Shale
The Manning Canyon Shale is not'well exposed, but is easily discerned 
in the field by its characteristic small black shale chips, observed in float, and 
negative topographic expression. The formation consists of black to 
olive-brown siltstone and shale, dark carbonaceous limestone, and 
hematite-stained quartzite and sandstone. The Manning Canyon Shale is 
the youngest stratigraphic unit in the upper plate of the Broad Canyon 
thrust, and lies directly above the thrust, in an overturned orientation, for 
nearly its entire exposed length. The lower contact with the overturned 
Great Blue Limestone is conformable and the upper contact is a thrust fault. 
The unit ranges in thickness from 120—400 m (Sorensen, 1982).
Lower Pennsylvanian - lower part of the Oquirrh Group
^ The lower part of the Oquirrh Group consists of platy, thin to medium 
bedded, dark gray weathering, locally fossiliferous limestone and tan 



















sandstone and siltstone. The Oquirrh Group is only exposed in the 
southeastern part of the range, in the )pwer plate of the Broad Canyon thrust, 
where it is in thrust fault contact with the older Manning Canyon Shale 
(Figure 4). The base of the unit is not exposed, but presumably conformably 
overlies the Manning Canyon Shale. Approximate thickness of the unit is 
460 m (Sorensen, 1982).
Middle Pennsylvanian Butterfield Peaks Formation - middle part of the 
Oquirrh Group
The Butterfield Peaks Formation consists of tan-to-brown weathering,
t
thin-to-thick interbedded quartzite, calcareous sandstone and siltstone, and 
thick bedded, blue-gray weathering, locally fossiliferc>us limestone. The 
formation is exposed in the southeastern part of the range where it occurs in 
the lower plate of the Broad Canyon thrust (Figure 4). The unit is in thrust 
fault contact with the older Manning Canyon Shale to the west. Thickness of 
the Butterfield Peaks Formation is approximately 1800 m (Sorensen, 1982).
Upper Pennsylvanian/Lower Permian Bingham Mine Formation - upper 
part of the Oquirrh Group
The Bingham Mine Formation is typically tan-brown weathering, 
thin-to-medium interbedded sandstone, siltstone, and quartzite. Interbedded 
blue-gray limestone often occurs in the lower part of the section and 
interbedded carbonate conglomerate is commonly found in the upper part of 
the unit. The unit occurs in the southeastern part of the range, in the lower 
plate of the Broad Canyon thrust (Figure 4). The upper contact with the 
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study area, and is a thrust fault in the east-central portion of the range. A 
rough estimation of the thickness of the Bingham Mine Formation is about 
1500 m (Sorensen, 1982).
Permian Kirkman Limestone/Diamond Creek Sandstone, undivided
The principal lithologies of the undifferentiated Kirkman Limestone/ 
Diamond Creek sandstone consist of thin-to-thick bedded, planar- and cross- 
bedded, cherty calcareous quartz arenite, interbedded with minor chert and 
sandstone pebble conglomerate. The upper part of the unit is mostly quartz 
arenite. The unit only occurs in the east-central part of the range, east of
t
South Mountain, in the lower plate of the Broad Canyon thrust (Figure 4). 
No unfaulted section of this unit has been found in the study area. The 
lower contact is believed to be conformable. The unit is estimated to be a 
minimum of 150 m thick (Jordan and Allmendinger, 1979).
Permian Park City/Phosphoria Formations
The Park City and Phosphoria Formations consist of interbedded 
cherty dolomite, dolomitic sandstone, quartz siltstone, bioclastic limestone, 
massive chert, and partially silicified oolitic phosphorite. These units are 
poorly exposed and are known only to occur along the east-central edge of 
the Stansbury Mountains, in the lower plate of the Broad Canyon thrust 
(Figure 4). Combined thickness of the Park City and Phosphoria Formations 


















The unconformable contact at the base of the Stansbury Formation has
been little studied since its initial description by Rigby (1959). Other workers
have alternatively interpreted the angular discordance along this contact in
the Stansbury Mountains as a thrust fault (Tooker and Roberts, 1971).
Although this contact is locally omitted by faulting, such as in South Willow
Canyon, field evidence which strongly supports the unconformity
interpretation includes: 1) the typical clastic nature and uniform age of the
rocks directly overlying the angular disconformity; 2) karst structure
$
observed in carbonate strata directly underlying the contact, which suggests 
possible subaerial weathering;'and 3) exposures of the contact reveal no 
evidence of shearing or faulting.
Map relationships (Sorenson, 1982; Moore and Sorenson, 1979) 
indicate that the unconformity eliminates a maximum of 1.9 km of tower 
and middle Paleozoic strata in the east-central part of the range, where 
Lower Mississippian Gardison Limestone (unjt M, Figure 4) overlies Lower 
Cambrian Tmtic Quartzite (unit Ct, Figure 4). This relationship occurs along 
the steeply-dipping, eastern forelimb of the Deseret anticline, in the upper 
plate of the Broad Canyon thrust. To the south and west. Middle Cambrian 
through Middle Devonian units successively pinch in beneath the 
unconformity, within the upper plate of the Broad Canyon thrust towards 
Johnson Pass, and at Salt Mountain (Figure 4). Lower Paleozoic strata also 
pinch in^beneath the unconformity, within the lower plate of the Broad 
Canyon thrust, toward the northeast near Timpie Valley and at Stansbury 
























Ordovician strata occur below the unconformity in the upper plate of the 
Broad Canyon thrust.
The unconformity in the Stansbury Mountains is regionally extensive
and has been well documented by Rigby (1959) in the Stansbury, Oquirrh,
Wasatch, and Uinta Mountains. In each of these ranges. Upper Devonian
and/or Lower Mississippian strata unconformably overlie Lower to Upper
Cambrian rocks (Figure 8). The unconformity is believed to be related to a
broad, regional east-trending uplift, which occurred along the Uinta trend
(Rigby, 1959). Coarse proximal clastic sediments were deposited adjacent to
the Uinta uplift, and finer elastics were deposited distally to the north and
0
south (Rigby, 1959). Roberts and others (1969) suggested that uplift along the 
Uinta trend extended farther'westward into eastern Ne\:ada (discussed later).
The age of the Stansbury uplift is believed to be Late Devonian. In the 
southern part of the Stansbury Mountains, the unconformity is overlain by a 
thin wedge of conglomerate of the Stansbury Formation, which in turn is 
overlain by the Pinyon Peak Limestone which has yielded Upper Devonian 
fauna (Rigby, 1959). In this vicinity, the Devonian Simonson Dolomite, 
which are the youngest rocks truncated by the unconformity, unconformably 
underlie the Stansbury Formation.
Simitar stratigraphic relationships constraining the age of uplift are 
reported in the Wasatch Mountains (Rigby, 1959) to the east and the 





















Lower Triassic Woodside Shale
The Woodside Shale is a distinctive red unit composed of calcareous 
siltstones, shales and very fine grained sandstone. This unresistant unit is 
easily distinguished by its dark brown-red talus in dark reddish soil. The 
unit is only exposed in the east-central part of the range within the Martin 
Fork Spring syncline, in the lower plate of the Broad Canyon thrust. 
Thickness of the unit is approximately 30 m (Jordan and Allmendiger, 1979).
0
Lower Triassic Thavnes Limestone
The Thaynes Limestone is a medium bedded, resistant, fossiliferous 
limestone, which typically weathers dull, medium gray, purple-brown, and 
brown- yellow. Principal rock types are bioturbated, irregularly bedded 
calcareous siltstone and mudstone, clean-to-dirty and pelecypod- bearing 
limestone, and very fine grained, locally cross-bedded quartz arenite. The 
informal contact between the upper and lower Thaynes Limestone was 
placed below a single 0.5 m thick mappable bed of ammonite-bearing, 
brown-gray weathering calcwackestone (Jordan and Allmendinger, 1979). 
The Thaynes Limestone is exposed in the hinge zone of the Martin Fork 
Spring syncline, in the lower plate of the Broad Canyon thrust, along the 
east-central edge of the range. The unit is unconformably overlain by 




















The conglomerate unit consists of poorly sorted, clast supported, 
angular quartzite pebbles with few cobbles and boulders, minor subangular- 
to-subrounded limestone and dolomite pebbles, and fine sandy lenses, in a 
fine sandy matrix which weathers rusty-orange. This unit is herein 
interpreted to be part of a middle alluvial fan complex composed primarily 
of sheet flood and sieve deposits. The unit occurs in two small areas along 
the east-central part of the range, and depositonally overlies rocks on the
i
leading edge of the upper plate of the Broad Canyon thrust (Figure 4). In 
South Willow Canyon, the unit dips approximately 40°E, and ranges in 
thickness from 0-30 m. Plate 2 shows a view to the north of the 
conglomerates from South Wdlow Canyon, near Medina Flat trailhead.
The age of the conglomerate is poorly constrained in the Stansbury 
Mountains, where it has been suggested by previous workers to be Paleocene 
to Eocene (Sorensen, 1982). However, this unit may be as old as Late 
Cretaceous (discussed later, this chapter).
Tertiary volcanic rocks, undifferentiated
Undifferentiated volcanic rocks within the study area consist of 
andesite, dacite, and hornblende latite flows and breccias, and ash flow tuffs. 
These rocks overlie upper Paleozoic rocks along a locally pronounced 
angulai^ unconformity. The volcanic rocks are well exposed on the east side 
of the Stansbury Mountains where they range in thickness from 0-430 m. 
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m.y. (or late Eocene) for the unit (Moore gnd McKee, 1983).
Quaternary surficial deposits, undifferentiated
The Quaternary units consist of alluvial, colluvial, glacial, fan and 
talus deposits. On the west side of the range, late Pleistocene sediments are 
faulted against Paleozoic bedrock along the west-dipping, range-bounding 
normal fault (Figure 3). The thicknesses of these deposits are variable and 
uncertain.
Synorogenic conglomerate
The Tertiary conglomerate unit (Tc) which occurs^on published maps 
(Sorensen, 1982; and Moore and Sorensen, 1979) has been correlated to 
similar units including the White Sage Formation in the Gold Hill area, the 
Apex conglomerate in the East Tintic Mountains, and the North Horn 
Formation in the Wasatch range.
As previously discussed, the Tertiary!?) conglomerate, where exposed 
in the Stansbury Mountains, is deposited on the leading edge of the upper 
plate of the Broad Canyon thrust. The conglomerate unconformably overlies 
Mississippian rocks and occurs near exposures of Tertiary volcanics in South 
Willow and Davenport Canyons. Because the conglomerate in South 
Willow Canyon is locally intruded by a monzonite porphyry dike of probable 
Oligocene or Eocene age (Sorensen, 1982), and lacks volcanic clasts despite its 
proximity to volcanic units in the Stansbury Mountains, deposition of the 
conglomerate is believed to predate the late Eocene volcanic rocks. It seems 















were shed eastward off the Deseret anticline during activity on the Broad 
Canyon thrust. The location, orientation and lithologies comprising the 
conglomerate are consistent with a source derived from the Deseret anticline 
to the west.
Regional evidence supporting a synorogenic origin for the
conglomerate exists to the west in the Cedar Mountains, where
Pennsylvanian strata are thrust faulted over conglomerates which
depositionally overlie Permian age rocks (Moore and Sorensen, 1979). The
conglomerates in the Cedar Mountains are the youngest sediments that were
affected by Sevier deformation in the area. In addition, these deposits
0
strongly suggest that synorogenic, clastic sedimentation occurred in the 
region during Mesozoic or earliest Tertiary time. ^
A synorogenic origin was also proposed for conglomerates of the Apex 
Formation in the East Tintic Mountains by Morris and Lovering (1961), who 
described the unit as "a colluvial deposit which accumulated on structurally 


















CHAPTER III - STRUCTURAL DATA COLLECTION AND 
INTERPREiATION
General statement
The dominant structural feature of the Stansbury Mountains is the
north-trending Deseret anticline which involves up to 12 km of upper
Precambrian through lower Mesozoic strata. The axial trace of the anticline
spans nearly the entire length of the range, from Timpie Valley in the north,
southward towards Johnson Pass, where it appears to die off in an area of
several smaller open folds (Figure 4). Field studies and structural analysis
$
indicates that the structure is an east-vergent, breached fault-propagation 
fold, developed within the upper plate of tfie Broad Canyon thrust, and 
which is best characterized by kink-style fold geometry. The Deseret 
anticline is superimposed upon an older late Paleozoic domal structure 
associated with the Stansbury uplift of Rigby (1959), who termed it the 
"Stansbury anticline" (as previously discussed).
In the southeastern and east-central part of the range, the west­
dipping Broad Canyon thrust emplaces Mississippian Manning Canyon 
Shale, in the hanging wall, over Pennsylvanian and Permian Oquirrh Group 
rocks, in the footwall. In this area, lower plate strata are folded into an 
east-vergent, north-northwest-trending footwall syncline termed "the 
Martin Fork syncline" by Tooker (1983). The footwall syncline is also 
exposed in the northeastern portion of the range where it involves 
Ordovician to Permian age strata and trends north-northeastward (Figure 4).
The pre-Tertiary structural framework of the study area is obscured by 






















alluviated extensional basins. In addition. Tertiary volcanic rocks which 
conceal portions of the study area consistently dip moderately to the east, 
indicating that significant eastward tilting has accompanied Basin and Range 
extension.
Two cross-sections of the central Stansbury Mountains were
constructed along transect A-A', shown on the geologic map in Figure 5.
Cross-section A-A' depicts the present structure of the study area (Figure 6).
Figure 7 shows a pre-Tertiary palinspastic reconstruction of cross section
A-A' with Cenozoic extension and tilting restored. This transect was chosen
because it occurs where there is both maximum stratigraphic throw along the
0
Broad Canyon thrust and apparent maximum amplitude of the Deseret 
anticline. ' ;
The following chapter outlines: 1) Paleozoic structure associated with- 
the Stansbury anticline and Uinta trend of Rigby (1959); 2) Sevier fold and 
thrust belt structure of the Stansbury Mountains, including discussions of 
the geometry and strain variation within the Deseret anticline/Martin Fork 
syncline fold pair, pertinent fold models, estimates of thrust displacement 
and crustal shortening, and structural analysis; and 3) the magnitude and 
style of Cenozoic extensional deformation within the study area.
While much of the deformation associated with the Sevier folding 
and thrusting probably occurred during Late Cretaceous time, some of the 
deformation may be as young as early Paleocene in age. To simplify the 
discussion, all deformation associated with the Sevier orogenic belt is 



















The previous chapter includes a discussion of the Late Devonian 
unconformity which addresses evidence for its existence, previous 
interpretations, and timing constraints. This section discusses a 
reconstruction of the Late Devonian unconformity and its implication for 
interpretations of the geometry of the Stansbury anticline, and the 
relationship of the anticline to Late Devonian regional tectonics.
To correctly interpret the structural relations of the Stansbury
»
Mountains, it is necessary to fully understand the nature of the Late 
Devonian unconformity. In an attempt to understand better the geometry 
and extent of the Stansbury uplift in the study area, a schematic fence 
diagram (Figure 9) was constructed using the Upper Devonian/Lower 
Mississippian Pinyon Peak Limestone and Lower Mississippian Gardison 
Limestone, which all post-date and therefore overlie the unconformity, and 
serve as a horizontal datum. Clastic sediments of the Stansbury Formation 
appear to be derived from lower Paleozoic rocks exposed in the core of the 
Stansbury anticline (Rigby, 1959). The Stansbury Formation onlaps the uplift. 
Generally, areas lacking Stansbury Formation are considered to be areas of 
non- deposition and/or erosion along paleotopographic highs related to the 
Stansbury uplift. In constructing the fence diagram, Mesozoic shortening 
(discussed later) was restored to more accurately depict pre-Mississippian 
structure.
While most if not all of the pre-Late Devonian strata in the Stansbury 















the principal area of uplift is herein delineated by areas where Devonian 
rocks are absent beneath the unconformity. From examination of Figure 9, 
the Late Devonian Stansbury uplift appears to be a broadly arching, north- 
northwest-trending, anticline or domal structure. The 15° angular 
discordance along the unconformity exposed on the west side of Timpie 
Valley (discussed previously, Plate 2), suggests that the orientation of the 
eastern limb of the Stansbury anticline, in this vicinity, dipped approximately 
15°E. Supporting the rotation of a broad, open fold geometry for the 
Stansbury anticline.
Map relations (Moore and Sorensen, 1979) indicate a 15° angular 
discordance along the unconformity at Salt Mountain (Figure 4), suggesting 
the western limb of the Stansbury anticline ^dipped approximately 15°W. For 
lack of better constraints of the geometry of the Stansbury anticline, its 
interlimb angle is herein estimated to be roughly 150°.
The axis of the Stansbury uplift can be traced from Deseret Peak to the 
northern end of the range. However, a thick sequence of Late Devonian 
clastic rocks correlative with the Stansbury Formation exposed on Stansbury 
Island suggests (Rigby, 1959) that the axis of uplift may have extended north 
to the modern southern end of Great Salt Lake. This interpretation is in 




The Uinta trend has affected regional tectonics of north-central Utah 
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1988; Rigby, 1959; and Tooker, 1983). The Uinla trend of the Uinta Mountains 
has been interpreted by previous workers to coincide with an ancient 
west-trending discontinuity in the crust which formed the southern margin 
of the Archean era ton (Bryant, 1985). This anomalous west-trending range is 
a block composed of dominantly middle Proterozoic sedimentary rocks 
which were deposited in an allochogen during initial phases of continental 
separation (Bryant, 1985).
Previous workers (Roberts and others, 1969) have suggested that the 
Uinta trend extended westward into northeastern Nevada during Late 
Devonian time, based on the deflection in the strike of the Antler thrust belt
t
at that latitude (Figure 2) and the existence of Late Devonian coarse clastic
9
sediments found in the Newfoundland and Silver Island'^Mountains, in 
northwestern Utah, which are thought to have been derived from the Uinta' 
uplift. The timing of the Uinta uplift (i.e. post-middle Devonian and pre­
latest Devonian) roughly coincides with that of the Antler orogeny (Roberts, 
1949). Regional uplift of the east-west Uinta trend may have occurred in 
response to eastward directed compression of the Antler thrust belt against 
the east-trending rigid block of Uinta allochogen (Bryant and Nichols, 1988). 
Similar east-trending uplift occurred along the Uinta trend in the Uinta 
Mountains area, during Campanian through Oligocene time, following 
principle movements of the Sevier orogenic belt, as summarized by Bryant 
and Nichols (1988).
Tooker (1983) noted a folding of Sevier-age frontal thrusts around the 
west-trei^ding Uinta trend which exists at the latitude of the Stansbury 
Range. His hypothesis was that the Uinta trend served as a buttress in the 
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convex to the west structural map pattern of the orogenic belt. A similar but 
broader convex to the west map pattern exists in the Stansbury Mountains, 
where the hinge surface trace of the Martin Fork syncline trends north- 
northwest and north-northeast, respectively, along its southern and 
northern parts (Figure 4). This convex pattern is enhanced by the southeast­
trending structural grain of the Onaqui and Sheeprock Mountains which lie 
to the south (Figure 1).
Mesozoic
Deseret Anticline
Sevier fold and thrust belt deformation*in the Stansbury Mountains is 
overprinted upon the Late Devonian Stansbury anticline. The earlier event • 
resulted in a broad region of uplift and concomitant erosion of up to 1.9 km 
of Devonian through uppermost Lower Cambrian strata. It may be 
reasonable to suspect that the preexistence of a large scale. Paleozoic fold in 
the Stansbury Mountains may have affected the Mesozoic development, 
location and geometry of the Deseret anticline (discussed later).
The style and magnitude of strain (i.e. deformation) varies throughout 
the Deseret anticline and depends both on lithology and structural position. 
The backlimb and hinge zone of the Deseret anticline are exposed only 
within the Lower Cambrian Untie quartzite. The backlimb is relatively 
undeformed compared to the hinge zone which is intensely brecciated 
locally. T^e forelimb involves interlayered Paleozoic carbonate and clastic 
lithologies which exhibit the greatest variety of deformational features 

















In an attempt to achieve modest clarity in the following discussion, 
the specified orientation of the various Mesozoic structures are described as 
they are observed in the field. However, it should be noted here that in the 
Tertiary these structures were subject to a minimum of 30° eastward tilting. 
Constraints on the extent and timing of tilting and implications for the 
Mesozoic structural analysis are discussed later in this chapter (see Cenozoic 
structure).
Deseret anticline - backlimb
The western backlimb is the least deformed part of the Deseret
t
anticline. Deformation in the backlimb is limited to silica fiber growths on 
bedding planes of the Tinlic Quartzite and a large, broad, kink-style fold 
deforming the Lower Cambrian strata. The mineral fiber growths trend and- 
plunge gently to the west-southwest (Figure 10a). The existence of the 
mineral fiber growths and their orientation suggest that bedding plane- 
parallel slip occurred within the backlimb to accommodate folding of the 
Deseret anticline.
Throughout the western part of the range, the backlimb dips from 20° 
to 40°W, and generally steepens to the west. In the vicinity of Spring and Big 
Creek Canyons, the westernmost exposure of the backlimb dips consistently 
30°W for 2.5 km in the up dip direction, where a north-trending, open, 
broad-paneled kink fold observed in the steep canyon walls deforms a 200 m 
thick section of Tmtic Quartzite. East of the kink’ fold, the strata dips 20°W to 
the crest ^f the range, where strata fold over sharply toward the east, along 
the hinge surface of the Deseret anticline. Figure 10b shows the poles to 
planes of bedding orientations taken from the backlimb, and their mean
27 












Deseret anticline - hinge zone
The hinge zone of the north-trending Deseret anticline is well 
exposed along the crest of the Stansbury Mountains at the head of Dry Lake 
Fork of South Willow Canyon. In this area, the hinge zone of the Deseret 
anticline is expressed in Lower Cambrian strata by an angular, kink style fold 
geometry. A stereographic projection of bedding data collected from 
throughout the Deseret anticline indicates that its hinge axis plunges 
2°/Nll°W (Figure 10c). The hinge surface of the Deseret anticline dips
t
approximately 55°W in this vicinity. The interlimb angle between the 
backlimb and forelimb is apprdximately 35°, indicating a wry tight fold 
geometry for the Deseret anticline. Mesoscopic scale strain in the hinge zone 
of the Deseret anticline is characterized by abundant crush breccia zones and 
hinge surface-parallel fractures. These types of deformation and fold 
orientation are exclusive to the hinge zone of the Deseret anticline. Plate 3 
shows a view to the north of the hinge zone of the Deseret anticline taken 
from Dry Fork.
A prominent closely spaced (spaced approximately 30-40 cm) fracture 
set developed locally in the Tintic Quartzite (Figure lOd), where it is exposed 
in the hinge zone of the Deseret anticline, is parallel to the hinge surface of 
the Deseret anticline, and is believed to represent hinge surface-parallel 
cleavage. Based on the similar orientations of the hinge surface and pressure 
solution ^leavage developed within carbonates of the upper part of the Ophir 
















Deseret anticline - forelimb
In the vicinity of South Willow Canyon, in the upper plate of the 
Broad Canyon thrust, the overturned forelimb of the Deseret anticline dips 
from 45°W to 90°, and steepens to the west, in proximity to the hinge zone 
(Figures 5 & 6). In this vicinity, two planar panels of the forelimb, of 
differing orientations and structural levels, are juxtaposed by a west-dipping, 
high-angle normal fault (discussed later, see Cenozoic structure). The strata 
in the hanging wall of the normal fault contairrs steep to vertically dipping 
Cambrian Tintic Quartzite and Ophir Group rocks. Strata in the footwall 
consist of overturned Mississippian rocks dipping 45° to 65°W and are
9
interpreted to represent an uplifted, structurally deeper panel of the forelimb. 
Figure 11a shows a stereographic projection of tedding collected from the 
eastern, overturned panel of the forelimb, and their mean average value 
oriented N17°W/56°W.
Unlike the backlimb and hinge zone of the Deseret anticline, which 
are only exposed in Lower Cambrian quartzite, the forelimb contains a 4 km 
thick package of dominantly carbonate rocks ranging in age from Middle 
Cambrian to Early Pennsylvanian, which exhibit a variety of Mesoscopic 
deformational features not developed in the Tmtic Quartzite elsewhere 
within the anticline. These include pressure solution cleavage, stylolites, en 
echelon calcite vein sets, and northwest-trending folds.
Mesoscopic folds were only occasionally observed within the forelimb 
of the Deseret anticline. Figure 11b shows a stereographic projection of the 
eight folds^observed in the forelimb. The folds have hinge lines which 
plunge moderately to the northwest, and are northeast-vergent without 
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angular or nearly concentric in shape. A 40° discordance exists between the 
trend of the northeast-vergent, mesoscopic scale folds of the forelimb, and 
that of the east-vergent Deseret anticline (compare Figures 10c & 11a). The 
orientation of the folds may possibly reflect a period of northeast directed 
movement on the Broad Canyon thrust. However, no additional evidence 
supporting northeast-directed transport was observed within the study area. 
Plate 4 shows a mesoscopic, northeast-vergent fold developed within the 
Pennsylvanian/Permian age Bingham Mine formation in the lower plate of 
the Broad Canyon thrust near Medina Flat trailhead.
Well developed pressure solution cleavage, with 2-3 cm spacing, in the
»
upper carbonaceous part of the Lower to Middle Cambrian Ophir Group dips 
65°W, and crosscuts near vertical,bedding. Thi^planar fabric is believed to 
represents fold cleavage of the Deseret anticline (discussed earlier).
Bedding-parallel stylolites are commonly developed throughout the 
carbonate rocks of the Mississippian section exposed within the forelimb of 
the Deseret anticline. Like pressure solution cleavage, stylolites ideally 
develop in a plane oriented perpendicular to the direction of maximum 
compressive stress (Ramsey and Huber, 1983). However, because stylolites 
with the forelimb are everywhere parallel or subparallel to bedding it is 
possible that they have a diagenetic origin which predates the Sevier 
orogeny.
Fold models
In or^er to interpret the Mesozoic structure in this part of the Sevier 
fold and thrust belt, it is necessary to compare pertinent fault-related fold 















Stansbury Mountains. Three idealized models of fault-related folds 
summarized by Jamison (1979) are considered: fault-propagation folds, 
fault-bend folds, and detachment folds (Figure 12).
Fault-bend folds are distinguished from detachment folds and
fault-propagation folds by their geometry and mode of genesis. Fault-bend
folds are characterized by open (140°-160°) interlimb angles, their migrating
hinge-surface, and passive footvvall (Jamison, 1979). In the fault-bend fold
model, the upper plate anticline is formed as an allochthonous upper plate is
transported and bent over the top of an underlying thrust ramp. As
additional displacement occurs along the thrust, the hinge surface of the
anticline "migrates" to the hinterland with respect to the hanging wall strata.
The autocthonous footwall remains passive; thclt is, it is not folded or
✓
otherwise affected by the overlying thrust (see Suppe, 1983 for more complete 
discussion).
Detachment folds develop above the termination of a concealed flat- 
lying thrust, where displacement is translated from faulting to folding of the 
overlying strata. For detachment folds, the net slip along the concealed flat 
decollement (Figure 12b) should balance with the shortening associated with 
the overlying fold. The detachment fold is typically characterized by open to 
tight (60° to 90°) interlimb angles (Jamison, 1979).
Fault-propagation folds have open to tight interlimb angles similar to 
that of detachment folds, but include a thrust ramping upwards from the 
underlying decollement (Jamison, 1979). The fault-propagation fold 
develops at the tip of a concealed, upward-ramping thrust. The transport 
direction of the thrust is the same as the sense of vergence of the hanging 
wall anticline/footwall syncline fold pair. The thrust may or may not breach
r






















through to the surface during deformation, thus in the latter case earning the 
name "blind thrust."
According to existing models of fault related folds, both fault- 
propagation folds and detachment folds may evolve with anticlinal hinge 
surfaces which remain fixed or "pinned" with respect to the strata in which 
they are developed, throughout the growth or evolution of the fold. 
Deformation which is exclusive to the hinge zone (e.g. crush breccias) of the 
Deseret anticline (discussed previously) indicates that the Deseret anticline 
evolved vvith a pinned hinge, because the absence of similar deformational 
development in either the forelimb or backlimb dismisses a migrating 
hinge-surface mode of genesis for the Deseret anticline.
Several structural relation^ in the Stansbrury Mountains preclude both 
the fault-bend fold and detachment fold interpretations for the Deseret 
anticline including: 1) the tight interlimb angle and pinned hinge of the 
Deseret anticline which precludes the fault -bend fold model; and 2) the 
involvement of the Broad Canyon thrust which juxtaposes the Deseret 
anticline/Martin Fork syncline fold pair and precludes the detachment fold 
model. Therefore, the Deseret anticline is herein interpreted as an 
east-vergent, fault-propagation fold developed in the upper plate of the 
Broad Canyon thrust. Similar styles of SevieT age thrusting have been 
documented throughout the Sevier orogenic belt (Fleck, 1970).
Restored cross section A-A' (Figure 7) shows the Deseret anticline 
interpreted as a fault-propagation fold developed in the upper plate of the 
^road Canyon thrust. A blind thrust is inferred in the core of the Deseret 
anticline, "^he existence of the blind thrust is required by the geometry of the 
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its core. Blind thrusting is a way for volume to be filled or accommodated at 
depth in a balanceable cross-section (Woodward and others, 1985).
The close proximity of the axis of the Late Devonian Stansbury 
anticline to that of the Mesozoic Deseret anticline strongly suggests a genetic 
relationship between the two. The earlier event resulted in open, broad 
folding and erosion of up to 1.9 km of Paleozoic strata (discussed earlier).
The Sevier event appears to have selectively refolded the strata along the 
trend of the preexisting Stansbury anticline, perhaps the most convenient 
location for the Broad Canyon thrust to ramp in this vicinity. The notion of 
the Deseret anticline being a refolded fold was first proposed by Rigby (1958).
The refolded nature of the Deseret anticline may help to explain its 
unusually tight, 35° interlimb anglfe. The interlimb angle of the Stansbury 
anticline is estimated to be approximately 150° (discussed previously).
Models of fault-propagation folds that have undergone a single deformation 
event suggest interlimb angles of 60°-90°, in the absence of extreme thinning 
of the forelimb (Jamison, 1987). No evidence of extreme thinning was 
observed in the Paleozoic strata in the forelimb of the Deseret anticline, 
supporting the interpretation that the Deseret anticline refolded a preexisting 
fold.
Thrusting - Broad Canyon thrust
Restored cross section A-A' shows the Deseret anticline breached by 
the Broad Canyon thrust which propagated up along its steeply overturned 
forelimb (Figure 7). The thrust is believed to lie nearly parallel to the 
overlying, overturned Mississippian strata in the forelimb of the Deseret 















entire Mississippian section based by the Manning Canyon Shale lies parallel 
to the Broad Canyon thrust for over 15 km along its exposed length (Figure 
4). Plate 5 shows a view to the north of the west-dipping Broad Canyon 
thrust which lies in the saddle, steeply overturned, west-dipping 
Pennsylvanian/Permian age strata lie the footwall to the east, and 
moderately west-dipping, overturned, Mississippian age strata overlying the 
thrust to the east.
Depth to detachment calculations (Hossack, 1979 in Woodward and
others, 1985) were determined for restored cross-section A-A’, and suggest
that a flat lying decollement existed at approximately 14 km (Figure 13). If so,
0
the decollement would occur at or near the base of late Precambrian rocks, 
which are estimated to be approximately 2.0 km thick in the^icinity of the 
study area (Stewart, 1972). However, due to the limited exposure of the 
Mesozoic structure, depth to detachment calculations do not provide a 
unique solution. Such results are significantly affected by objective 
interpretations of ramp and fold geometry at depth, and the projected 
thicknesses of folded strata which have since been eroded from the hinge 
zone and backlimb of the Deseret anticline. The occurrence of lowermost 
Cambrian rocks exposed high in the core of the Deseret anticline indicates 
that at least upper Precambrian strata are involved in folding and this 




According to Tooker and Roberts (1971), the concept of the Tmtic 
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Eardley (1944) to explain the structural discordance between the 
north-trending folds in the Stansbury Mournains and the west- 
northwest-trending folds at South Mountain (Figure 4). Rigby (1958) called 
attention to the occurrence of Devonian-age sandstone west of South 
Mountain, in close proximity to the Oquirrh Formation on South Mountain, 
which he interpreted as a thrust relationship. The fault was termed the 
Tintic Valley thrust by Roberts and others (1965), who correlated it to a 
"comparable fault" in the Gilson Mountains and one they proposed to be 
concealed under Tintic Valley, thus giving it "regional significance." The 
thrust in the Gilson Mountains is therefore the only known location where 
the Tintic Valley thrust may be exposed. Map relations (Pampeyan, 1989) 
from the Gilson Mountains show' a thrust fault juxtaposing rocks of 
Mississippian through Silurian age over Pennsylvanian and Permian strata . 
The correlation of the Tintic Valley thrust which, near South Mountain, has 
only 3 km of stratigraphic throw, with that of a "comparable fault" that 
remains unexposed for a distance of 95 km to the south, in the Gilson 
Mountains, is not compelling. However, since the work of Roberts and other 
(1965), several workers have included the Tintic Valley thrust in their 
regional structural correlations of the area, so the name Tintic Valley thrust 
is also adopted herein.
Broad Canvon/Tintic Valiev thrust system
A second restored cross-section (Figure 14) was constructed, along the 
trend of tra^isect A-A' to show an alternate interpretation of the relationship 
between the Tintic and Broad Canyon thrusts from that depicted in Figure 7. 











where each is structurally separate and ramp up independently from the 
regional decollement. Figure 14 is a more corhp'iex interpretation, which 
portrays the Broad Canyon thrust as an intraplate structure within the upper 
plate of the Tintic thrust, as suggested by previous workers (looker and 
Roberts, 1971; looker, 1983; and Sorensen and Moore, 1978). Figure 14 is not 
intended to show the internal structure of South Mountain or the actual 
geometry and displacement along the Imtic thrust, but rather the 
juxtaposition of stratigraphy shown on published maps, on which certain 
assumptions may be made.
From comparison of Figures 7 and 14, it is apparent that the Broad 
Canyon "intraplate" thrust interpretation requires a more complex footwall 
geometry, including a third ramp to the west. InVigure 14, the linlic thrust 
is modeled as a fault-bend fold in order to most simply portray the apparent 
juxtaposition of stratigraphy that exists near South Mountain, where north- 
striking Lower Mississippian and Upper Devonian rocks crop out west of the 
northwest-striking Pennsylvanian/Permian strata exposed at South 
Mountain (Figure 4).
Although simpler, the thrust scenario shown in Figure 7 may be more 
unlikely. While field evidence for constraining the structural geometry of 
the lintic thrust is very limited, there is no evidence to suggest that the 
lintic thrust involves rocks which are stratigraphically lower than 
Devonian.
Apparent minimum net displacement on the Broad Canyon thrust is 
estimated fro^ restored cross-section A-A' to be 6 km (Figure 7). The 
restoration also suggests that minimum horizontal shortening of 8 km can 
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Because the relationship between of the Broad Canyon and Untie thrusts is 
uncertain, estimates of shortening across this part of the thrust belt are also 
uncertain, but should be a sum of the Broad Canyon/Tintic thrust system.
Net displacement along the Tmtic thrust is poorly constrained. 
Estimation of crustal shortening for the Tmtic thrust is based on a simple 
fault-bend fold model which requires a minimum net displacement for a 
given stratigraphic offset. The apparent juxtaposition of strata near South 
Mountain requires a stratigraphic throw of approximately 3 km. Allowance 
for thrust ramp angle suggests that the net displacement is probably greater 
than 3 km. However, the minimum horizontal shortening may be less than 
3 km for ramp angles greater than 45°. Therefore, a minimum horizontal 
shortening of 2 km is estimated along this segment of the Tint^c Valley 
thrust. When added to the minimum, apparent shortening along the Broad 
Canyon thrust, the minimum horizontal crustal shortening on the Broad 
Canyon/ Tmtic thrust system is estimated to be approximately 10 km. While 
the thrust scenario shown in Figure 14 requires many kilometers of 
shortening, the validity of the model is questionable, and therefore estimates 
of minimum crustal shortening are herein based on the morphology of the 
Deseret anticline, the projected geometry of the Broad Canyon thrust, and 
stratigraphic relations associated with the Tmtic Valley thrust.
Strain analysis
Analyses of various mesoscopic deformational features developed 
within the Deseret anticline/Martin Fork syncline fold pair help to 


















the transport direction of the Broad Canyon thrust. Analysis involved 
examination of stereographic projections of mineral fiber growths, folds, and 
fold cleavage, and strain analysis of deformed polygonal mud cracks.
Strain analysis was applied to Lower Mississippian polygonal mud 
cracks observed within the eastern upright limb of the Martin Fork syncline, 
in the lower plate of the Broad Canyon thrust. This locality occurs west of 
Little Mountain, in the northeast part of the Stansbury Mountains (Figure 4). 
Plate 6 shows the strained polygonal mud cracks occurring on the top of a 
bedding surface of a thin mudstone interbed within the Great Blue 
' Limestone. In this location bedding is oriented N24°E/44°W, subparallel to 
the Broad Canyon thrust. The mud cracks appear to have been stretched in 
an eastward direction within the plane of bedding.
Strain analysis was performed on the deformed mud cracks using the 
Fry method (Fry, 1979). This technique provides a rapid and accurate method 
for graphically constructing a best fit solution to the strain ellipse (Ramsey 
and Huber, 1983). The strain ellipse can be thought to define the finite 
deformation state of an initially circular passive marker. The strain ellipse is 
a quantitative measure of two-dimensional bulk rock deformation, expressed 
by its orientation and shape or ellipticity (R = ratio of long vs. short axes) (see 
Fry, 1979 and Ramsay and Huber, 1983 p. 110-117) for more complete 
discussions).
The Fry method was applied to the strained mud cracks by first tracing 
the outlines of the deformed polygonal mud cracks ftom a photograph taken
V
normal to the outcrop exposure (Plate 6), and locating the center of each 
polygon (Figure 15a). To derive a strain ellipse from the photo, an overlay is 
















ultimately represents the center of the strain ellipse. The reference point on 
the overlay is positioned over the center of the *irst polygon, and the centers 
of each surrounding polygon are then plotted on the overlay. Next, the 
reference point on the overlay is shifted, in the same orientation relative to 
the underlying drawing, over the center of the second polygon, and each of 
its nearest neighboring polygon centers are again plotted on the overlay.
This process is repeated for each of the 59 polygons on the drawing. The 
resulting dot patterned plot consists of measurements of distances and 
orientations of the centers of each neighboring polygon relative to one 
another (Figure 15b). The elliptical shaped area in the center of the plot 
which is void of dots approximates the shape of the strain ellipse. When 
applied to undeformed rock, the strain ellipse generated by this method 
should approximate a circle, indicating an absence of strain.
Application of this technique to the strained polygonal mud cracks 
observed in the eastern limb of the Martin Fork syncline, results in a best fit 
strain ellipse having an ellipticity, or R value = 2.0, where R = (el+l)/(e2+l) = 
x/y (Figure 15c). The values "el" and "e2" are quantities of positive and/or 
negative elongation of the long (x) and short (y) axes, which can only be 
determined if the original (unstrained) dimensions of the polygons are 
known. The orientation of the derived strain elTipse is plotted on a 
stereographic projection (Figure 11c). The long x-axis of the strain ellipse is 
oriented in the dip direction of bedding and indicates that significant positive 
elongation relative to the y direction occurred in the plane of bedding (So = 
N24°E/44°W) in the eastern limb of the syncline, in a N82°W direction. The 
short y-axis suggests that a N15°E directed component shortening 























Although such fortuitous strain markers were only found in a single 
location, this amount and style of strain may characterize the behavior of 
similar lithologies throughout the eastern limb of the Martin Fork syncline.
It is reasonable to suspect that strain within similar lithologies of the 
overturned portion of forelimb of the Deseret anticline and overturned 
portion of the western limb of the Martin fork syncline are probably greater 
because they have been more highly rotated during fold development and 
they are more proximal to the Broad Canyon thrust.
The Fry method is intended for use on initially equiangular aggregates 
* such as ooidal limestone or equigranular quartzite and is not known to have 
ever been applied to strained polygonal mud cracks. However, its application 
to mud cracks provided good results. Because the^strained polygonal mud 
cracks are thought to have been initially equiangular, (that is their centers 
were statistically equidistant from one another) it seems reasonable that this 
application of the Fry method is valid.
Lower hemisphere stereographic projections of structural features 
observed within the Deseret anticline in the central part of the Stansbury 
Mountains indicate a general north-northeastward transport direction on the 
Broad Canyon thrust. These include the N11°W trend of the axial hinge and 
east-vergent orientation of the Deseret anticline (Figure 10c), and mesoscopic, 
northeast-vergent folds observed in Mississippian and Pennsylvanian units 
of the overturned forelimb (Figure 11b).
Timing of Se^iier deformation
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are poor. The Martin Fork syncline, folds rocks as young as Lower Triassic 
which provides a lower age limit on thrusting.‘'The overturned limb of the 
Deseret anticline is unconformably overlain by a conglomerate inferred to be 
Eocene or Paleocene in age (Moore and Sorensen, 1982). A more reliable 
upper age constraint for thrusting comes from K/Ar ages of biotites of 
39.4+0.5 m.y. and 41.8+0.5 m.y. from volcanic flows and tuffaceous 
sedimentary rocks (Moore and McKee, 1983) which unconformably overlie 
the Martin Fork syncline. Therefore folding and thrusting is constrained as 
being younger than late Early Triassic (240 m.a.) and older than Late Eocene 
’ (~42 m.a.).
i
Better insight regarding the possible timing of thrust activity in the 
study area is gained by reviewing the proposed chfronology for^thrusting 
throughout northern Utah, as summarized by Bryant and Nichols (1988). 
According to Bryant and Nichols (1988), general "in-sequence" thrust 
activity began in north-central Utah during Albian time (latest Early 
Cretaceous) and ended during the Early Paleocene. Earlier activity is limited 
to the westernmost thrusts, including the Canyon Range and VVillard-Meade 
thrusts which are considered by Bryant and Nichols (1988) to be correlative 
structures. A tectonic map of the eastern part of the Sevier orogenic belt 
published by Brydnt and Nichols (1988) (not shown herein) shows the 
Canyon Range thrust as a regional structure trending northward from the 
Canyon Range, passing through the Sheeprock Mountains and trending 
through the general vicinity of the Stansbury Mountains. While a
V
correlation of^the Canyon Range thrust into the vicinity of the Stansbury 
Mountains is uncertain, the Albian age for activity along the Canyon Range 
thrust may provide an approximate age of folding and thrusting in the
41 
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Stansbury Mountains since these thrusts both lie in the same general 
jx)sition within the thrust belt.
Cenozoic
Eastward Tilting
Strong field evidence for a minimum of 30® of post-Eocene eastward 
tilting of the Stansbury Mountains exists in the east-central portion of the 
range. Tertiary conglomerates exposed at the Medina Flat trailhead, in the 
lower part of South Willow Canyon, dip approximately 40°E. One hundred
t
meters to the east of this locality. Tertiary volcanics have a similar 42°E dip. 
Even if these Tertiary deposits were deposited on a maximum l^-'E dipping 
slope, which is possible because these deposits are believed to be proximal 
sediments shed off the Sevier uplift to the west, a minimum of 30° of 
westward tilting would be required to restore the Tertiary units and the 
underlying Mesozoic structure to their pre-tilt orientation. Plate 7 shows a 
view to the south of the Tertairy volcanic rocks exposed in South Willow 
Canyon.
Eastward tilting of the range was first proposed by Davis (1959), who 
noted that extrusive rocks in the east-central part of the range, which he 
termed "the east flank volcanic field" (Figure 4) presently dip approximately 
30°-50°E. Davis hypothesized that the present orientation of these extrusive 
rocks and others he mapped on Salt Mountain on the west side of the 
Stansbury Moi^ntains, are a result of a regional eastward tilting event which 
affected the entire range. Similar eastward tilting has been proposed for the 







! t i ~
 
,  . 









dipping orientations of the Sheeprock thrust (Christie-Blick, 1983). Stewart 
(1980) defined large regions in which major, late Cenozoic, basin and range 
fault blocks are consistently tilted to the east or west, including an east-tilted 
region extending from north-central to southwest Utah, which encompasses 
the Cedar, Stansbury, Oquirrh and Sheeprock Mountains.
Tertiary tilting in the study area is thought to have been 
accommodated by the series of steep to shallow, west-dipping, normal faults 
which are possibly listric at depth. Some of these normal faults have been 
mapped by myself and other workers in the study area (discussed later). 
Because all of the tilting documented in the study area cannot likely be
i
accommodated by existing mapped normal faults within the Stansbury 
Mountains, similar structures are inferred to exist^concealed beneath 
alluvium in Tooele and Rush Valleys to the east. Figure 16 illustrates a 
simple listric normal fault model to explain the eastward tilting observed in 
ranges west of the Wasatch Mountains.
The existence of 30° of post-42 m.a. eastward tilting in the Stansbury 
Mountains has important implications for the pre-extensional orientation 
of Mesozoic structures in the region. The restored cross section A-A' (Figure 
7) shows the inferred pre-tilt orientation of the Mesozoic Deseret anticline/ 
Martin Fork syncline fold pair and the Broad Canyon thrust. This
/
palinspastic reconstruction was created by restoring displacement on mapped
normal faults and backtilting the structure approximately 30° westward.
Thus, the -45°W dipping orientation of the Broad Canyon thrust and the 
\
overturned portion of the forelimb of the Deseret anticline are restored to 
their inferred -75°W pre-tilt orientation, the 20°W and 30°W dipping 
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inferred 50°W and 60°W dipping pre-tilt orientation, and the 35°VV dipping 
hinge surface of the Deseret anticline is restored to its 65°W pre-tilt 
orientation as is the entire pre-Tertiary structure of the Stansbury Mountains.
Normal faulting
Two episodes of normal faulting are evident in the Stansbury 
Mountains. At several locations (e.g. near the Silver Drum mine; and 
southeast of Box Elder. Canyon, Figure 5) moderate to low angle normal 
' faults are cross-cut by high-angle normal faults. It may be reasonable to 
suspect that, in part, the tilted orientation of the Tertiary conglomerate and 
rocks comprising the east flank volcanic field was'accommodated by low- 
angle normal faulting in the study area, which suggests that two episodes of 
post-Eocene extension have affected the Stansbury Mountains, although the 
extent of earlier low-angle normal faulting is not known.
Cross section A-A' (Figure 6) is an interpretation of the unrestored
structure of the central Stansbury Mountains from South Willow Creek in
Tooele Valley on the east side of the range, to Skull Valley at the mouth of
Big Creek on the west side of the range. Cross-section A-A' shows a folded
section of Precambrian and Paleozoic strata dissected and tilted eastward by
numerous steep to shallow, west-dipping normal faults. The faults are
modeled as listric and nearly concentric in shape to accommodate the
demonstrated eastward tilling and to simplify the restoration.
\
The youngest and westernmost fault exposed in the study area is the 
steeply west-oipping range-bounding fault that juxtaposes Quaternary 
alluvium against Middle and Lower Cambrian Ophir Group rocks.
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Geomorphic evidence indicating Quaternary activity along this fault 
includes large faceted spurs cut into Lower Cambrian strata and a large fault 
scarp in late Pleistocene alluvium east of Salt Mountain (Bucknam, 1977).
At the head of South Willow Canyon vertically-dipping Middle and 
Lower Cambrian Ophir Group rocks in the forelimb of the Deseret anticline 
are juxtaposed to the west against moderately overturned Mississippian 
strata along a steeply west-dipping normal fault (discussed previously. 
Figures 5 & 6). The fault omits the Late Devonian unconformity, basal strata 
of the Lower Mississippian Gardison Limestone, and the uppermost part of 
*the upper carbonaceous section of the Middle and Lower Cambrian Ophir 
Group. This fault is the western-most of a series of steeply to moderately, 
west-dipping, normal faults that exist on the east side of the ran^e. The fault 
is marked by a 20 m thick zone of breccia and weak mineralization. The fault 
can be traced 6.5 km to the south, just west of Bear Fork of East Hickman 
Canyon (not shown herein), where it is marked by a narrower (10 m) breccia 
zone along a 40° angular discordance within strata of the overturned 
forelimb of the Deseret anticline. Here, the fault juxtaposes 80°VV and 45°W 
dipping Lower Mississippian Gardison Limestone, respectively, to the west 
and east. Plate 8 shows the breccia associated with the fault near Bear Fork.
In the vicinity of South VN'illow Canyon the fault truncates an older, 
moderately west-dipping fault which is exposed within of the Silver Drum 
mine (discussed previously), a shallow adit excavated into the south side of 
South Willow Canyon (Figure 5). Here, the older structure occurs as a
V
north- striking^ bedding plane-parallel fault, dipping 58°W, within the 
Lower Mississippian Gardison Limestone (Figure 6). Another steeply 
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the eastern edge of Upper Narrows (Figure 5), where it juxtaposes moderately 
overturned Upper Mississippian Deseret Limestone to the west against 
similarly oriented Upper Mississippian Humbug Formation to the east, in 
the forelimb of the Deseret anticline. This fault is marked by a 3 m wide 
breccia zone outcropping on the slop>e north of the floor of South Wallow 
Canyon and in the saddles on the ridges bounding the canyon.
A third steeply west-dipping normal fault dej^icted in cross section 
A-A' exists approximately 0.6 km below Lower Narrows (Figure 5 & 6), and 
strikes northwest. The fault down-drops Upper Mississippian Great Blue 
Limestone in the upper plate of the Broad Canyon thrust along with 
unconformably overlying Tertiary conglomerate to th'e west against 
Pennsylvanian/Permian Bingham Mine Formation ^belonging to the 
footwall of the Broad Canyon thrust to the east. The fault occurs along a 
small 30 cm wide zone of a gouged monzonite porphyry dike and omits the 
Mississippian/ Pennsylvanian Manning Canyon Shale and the underlying 
Broad Canyon thrust, which exist intact on the ridge directly to the south.
The easternmost normal fault portrayed in Figures 5 & 6 was first 
described by Jordan and Allmendinger (1979) as a west-dipping, low-angle 
fault, termed the "Martin Fork thrust" by Tooker (1983). The fault cuts the 
steeply overturned, west-dipping limb of the east=Vergent Martin Fork 
syncline and juxtaposes Lower Triassic Woodside Formation in the upper ^ 
plate against Upper Permian strata in the footwall. Clearly, the only way to 
repeat the steeply overturned Triassic section via a low-angle, west-dipping 
faultNs by normal motion. The only way to repeat the same section by a 
thrust fault wouid be with the fault oriented more steeply west than the 
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Jordan and Allmendinger (1990, written communication) preclude the thrust 
interpretation for the Martin Fork fault, which is herein interpreted as a 
low-angle normal fault.
Displacement on the Martin Fork fault is probably less than a few 
hundred meters, and therefore does not dramatically effect the overall 
structure of the area. However, both the absence of thrusting in the hinge 
zone of the footwall syncline and the existence of low-angle normal faults in 
the region is critical in characterizing the style of deformation in the study 
area.
* The Martin Fork syncline and fault occur in the vicinity of Box Elder 
Canyon and were projected into the line of section (A-A') beneath the 
Quaternary alluvium and Tertiary volcanic rocks (Figures 5 & 6j. The fault 
was not observed to cut the Tertiary volcanics and may not extend 
northwestward into the.line of section. While field relationships do not 
constrain the absolute timing of faulting and volcanism at this location, it is 
apparent that significant normal faulting must post-date deposition of 
volcanic rocks in order to accommodate their eastward tilting.
Timing of Cenozoic deformation
The absolute timing of normal faulting and eastward tilting in area is 
not well constrained. As previously mentioned, biotites from the east-tilted 
east flank volcanic field have yielded Late Eocene ages'of 39.4+0.5 and
V
41.8+0.5 m.a. (Moore and McKee, 1983), and provide a lower age limit to 
eastward tilting in the region. In the vicinity of the Medina Flat trailhead 
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fault juxtaposing Tertiary conglomerates on the west with 
Pennsylvanian/Permian rocks to the east (discussed previously), truncates a 
monzonite porphyry dike which is believed to be Oligocene or Eocene in age 
(Sorensen, 1982). Moderate and low-angle normal faults exposed in the 
Silver Drum mine and truncating the Martin Fork Spring syncline near Box 
Elder Canyon are both cut by younger high-angle faults.
In summary, deposition of the Tertiary conglomerates is believed to 
pre-date 39 to 42 m.a. volcanism, which in turn pre-dates low-angle normal 










CHAPTER IV - CORRESPONDENCE ANALYSIS
\.
Introduction
Correspondence analysis is a method of principle components analysis 
which relates individuals to individuals, attributes to attributes, and 
individuals to attributes and which displays these relations simultaneously 
and at an equivalent scale. This statistical method is useful for graphically 
illustrating correlations among large numbers of data. Geologically feasible 
interpretations must be made to explain why certain data cluster while 
others do not (Goldstrand and others, 1990).
Correspondence analysis is applied herein to Sn incomplete 
contingency table consisting of structural data collected from the Stansbury 
Mountains. The analysis .is performed in order to correlate various geologic 
attributes and their respective spatial distribution within the tectonic 
framework of the study area in an attempt to reveal existing structural 
relationships which may not otherwise be apparent. The contingency table 
cbnsists of field locations and geologic characteristics recorded from each site, 
which are respectively individuals and attributes (Table 1).
Correspondence analysis can accommodate missing data in a
/
contingency table. Because not every geologic characteristic was expressed
and/or recorded at each location in the field, the contingency table did not
have entries for every attribute. Three methods for treating missing data are 
\
employed in an ^Itempt to fill the contingency table without biasing the data 
set (outlined below).



































'FM', 'SP, 'FD', 'Sa, 'SF, 'BR', 'HS', 'HA', 'VN'
Table I. Contingency table with zeros representing missing data values.
V
Rows represen^ individuals (geographical locations where data was acquired) 
and columns represent attributes (geological characteristics).
r
,3,6,2 ,8,2 ,2 ,  0,'  
, , , , ,7,220,2 l~, 1.1,'B' 
, , , , , , ,000, 10,'C' 
, , , ,215,7,237,310,10,'D' 
, , , , , , ,000,10,'E' 
, , , , ,7,000,0 0, 9,'F' 
, , , , , , ,000, 1 0,'G' 
, , , , ,7,000,000, 11,'H' 
,3,5, , , , , , ,'l' 
, , , , , , ,000, 1 0,T 
, 
,3, , , ,7,000,000, 11,'K' 
, , , 1 ~ '
,3, , , ,7,224,306, 1 0,'M' 
,3, , , ,7,000,000, 11,'N' 
, ,s,o o,o86,7,ooo,ooo,o9,'a 
,3,6, , , ,' ' 
, , , , , , ,000, 11,'Q' 
,3,6, , ;7,240,290, 11,'R' 
,3,6, , ,8,000,000, 11,'S' 
) 







Carr (1990), modified to accommodate missing data. The section describing 
the mathematics of correspondence analysis is taten from Carr (1990), 
Donaldson (1990), and Goldstrand and others (1990).
Method
Correspxjndence analysis involves several algebraic manipulations of 
a contingency table in matrix form. The following describes the mathematics 
of c6rres{X)ndence analysis applied to a fictitious data set in the form of a 
simple 3x2 matrix, [Y]. The rows of [Y] represent the individuals of the data 
set and the columns are the attributes. 9 2
lY] = 53'
, , 4 .
The first step is to calculate the total sum of all the values within the 
contingency table [Y] (Yij represents the value in the ith row and jth column 
of[Y]). 3 2
sum = S X Yij
i=l j=2 
sum = 24
Then, each entry in the contingency table is normalized by dividing by
the sum, to form [A], a joint probability matrix of JY].
9/24 2/24 
[A]= 5/24 3/24 
1/24 4/24
The next step is the calculation of two vectors (W) and (T). |W), in
V
this case, is a 3>^1 vector representing the sum of the two individuals in each 
row of [A). IT), in this case, is a 1x2 vector representing the sum of the three 
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Wi = I Aij 
j=l
9/24 2/24
[A] = 5/24 3/24
1/24 4/24
3
and Wi = Z Aij
i=1
{11/24 (0.458
(W) = 8/24 = 0.333
5/24) 0.200)
IT) = (15/24 9/24) 
(T) = (0.625 0.375)
Vectors (W) and |T) represent marginal probabilities for each 
individual and attribute respectively (Donaldson, 1988). The above example
i
shows that the probability of the first individual occurring is 11/24 or 45.8%, 
and that the probability of having theTirst attribute f62.5%) is sigjrificantly 
greater than having the second (37.5%).
The third step is the formation of a 2x2 matrix (S), where:
2x2 2x3 3x2
(S) = (Scl X (Sr)




The transposition of [Sc] results in a 2x3 matrix, which when multiplied by 
the 3x2 matrix [^r] gives the square 2x2 matrix (S).
Aij/Wi Tj and Sr,ij = Aij/ Tj
1.035 .297 1.035 .297
.791 .612 [Sri = .263 .204
.253 1.306 .013 .272
2x2 = [2x3] [3x2] 
[SI = [Sc] [Sr]
52 
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IS] = .702 .321 
.319 .52^-
The next step in correspondence analysis involves eigen 
decomposition. Matrix [S] is separated into its components, [V] and (Dj, 
according to the equation;
IS] = [V]{D)[V]
[V] are eigen vectors of [S], and are analogous to factors of the original 
contingency table [Y]. Eigen vectors (l,2,...n) are used to develop a coordinate 
system on which the attributes and individual are plotted. (Dj are the eigen 
values of [S], which are used to calculate the percent variation of the data 
actounted for by each eigen vector. The first two eigen vectors always 
contain at least 70% of the total variance, while the remaining eigen vectors 
account for progressively lower percentages (David arfd others, 19^).
Correspondence among individuals and/or attributes is demonstrated 
by a clustering of points on a coordinate system defined by the mutually 
orthogonal eigen vectors (FI, F2,...,Fn). Points which do not plot near to one 
another do not correspond. Geologically feasible interpretations must be 
made to explain these relationships (Goldstrand and others, 1990).
If there are missing data present in the original matrix, [Y], (and hence 
[A]), these missing data are entered as zero values (or some other value 
representing a missing datum) in [Y]. Once [Y] is processed to become [A], 
missing data are replaced in (A] using the following equation (Greenacre, ^ 
1984):
Aij = WiTj
where Aij is the position of a missing data value.
\
Once this replacement is made, the matrix, [A] is recalculated as shown 
before (i.e., [A] becomes [Y] and the process repeats). This is summarized:
1. To handle missing data in [Y], enter a missing value using.some
[ J
.Q\ : 
J J { }
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flag number (a zero, -1.0, or something else).
2. Calculate the sum of [Y] without using the flags representing 
missing data.
3. Calculate the matrix [A] and vectors, {W) and {T).
4. Replace missing data with:
Aij = VyriTj
5. The matrbc lA] becomes [Yj; go back to step 2 and begin again.
6. Repeat steps 2 through 5 until [A] does not change any longer.
7. Finally, proceed to calculate (SI and finish the correspondence
, analysis.
This is the procedure used subsequently to treat missing data.
Application
Correspondence analysis was applied to structural data collected from 
the Stansbury Mountains in order to correlate various geologic attributes and 
their respective spatial distribution within the structural framework of the 
Study area. The analysis was performed in an attempt to reveal existing 
structural relationships which may not otherwise be apparent. The 
contingency table consists of field locations and geologic characteristics 
recorded from each site, which are represented respectively by individuals^' 
and attributes.
Because not every characteristic was expressed and/or recorded at each 
location, the contingency table did not have entries for every attribute. 
Correspondence analysis can accomodate missing data in a contigencey table. 
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attempt to fill the contingency table without biasing the data.
Two techniques are initially employed to treat the missing data in an 
attempt to fill the contingency table: 1) substituting zeros for the missing 
data; and 2) substituting normalized average values generated by an iterative 
function of the missing data. Correspondence analysis was performed on the 
data using these two techniques. The program output from each analysis, in 
this case, includes three two-dimensional plots of the factors 1, 2, and 3 (not 
shown herein). Ternary diagrams were constructed on which the results 
were plotted (Figures 17 & 18). The ternary plot has the advantage of 
displaying the data from each analysis as relative percentages of all three 
factors on a single diagram (Goldstrand and others, 1990). The ternary 
diagrams demonstrate significant miscorrelation of data in both ar^alyses (to 
be discussed later). Because both methods failed to differentiate between the 
two types of missing data (that which did not exist, and that which existed 
but was not recorded), a third technique was devised which employed a 
combination of the two previous methods. This technique substitutes 
normalized values, generated by their iterative function, for missing data 
which occurred but were not measured and recorded, and uses zeros to 
represent attributes which physically do not exist at a particular location. 
Correspondence analysis was performed on the contingency table using the
/
third technique, and the results were plotted on a ternary diagram (Figure 
19).
Table 11 shows eight different groups of individuals which are shown
\
to corresp>ond according to the three different analyses 1, 2, & 3. Groups 1-3 
represent individuals which show correspondence resulting from the first 
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Table II. Individuals which show correspondence:
Analysis 3
group 1 [A, B, L, R] group 4 [A,B, L, R groups [B, D, L, R]
group 2 [D,E,1, N,Q] E, I,N,Q,K,S,J,P] group 6 [I,N]
group 3 [K,S] group 7 [S, K]
groups [E,Q]
Table III. Attributes which show correspondence:
Analysis 1 Analysis 2 Analysis 3
group 1 [HS, HA] 
group 2 [VN, BR, FM]
group 4 [FM, SO] 
group 5 [BR, VN] 
groups [FM, FD]
group 7 [HA, HS] 
groups [VN, BR] 
groups [SP,FD]
Table IV. Individuals and attributes which show correspondence:
Analysis 1__________________Analysis 2______________ Analysis 3
group 1 ( A, B, L, R, 
&HA,HS] 
group 2 [D, I, E, N,Q 
&FD]
group 3 [A, B, E, I, J, K,
L, N, P, Q, R, S & SO, FM]
none
Tables'* II, 111, IV summarize correspondence among individuals, attributes, 




 _ ~  
,  I   
,  
Analysis 2 
 B  






v 3 ] , 
 
 
 5  
,  
 
 8 ,  
 
p 8
















cleavage, Upper Paleozoic carbonate lithology, and occurrence in the 
overturned forelimb of the Deseret anticline. Individuals in group 2 all 
share common attributes including: an absence of both folds (except for "D"), 
brecciation, and moderate to intense vein development. Individuals in 
group 3 all have in common: the same geologic formation, occurrence in the 
overturned part of the forelimb of the Deseret anticline, similar bedding 
orientation, an absence of both cleavage and folding, and intense vein 
development.
Individuals which show correspondence resulting from the second 
analysis are listed in group 4. Group 4 includes all of the individuals shown
4
to correspond in the first analysis (groups 1-3) but does not discern between 
them. Frpm examination of the contingency table, it is clear that grpup 4 
represents a miscorrespondence of the data, which suggests an error in the 
method used to treat missirrg data in the second analysis.
Individuals showing correspondence resulting from the third analysis 
are represented by groups 5-8. The individuals in group 5 all have in 
common: an overturned facing direction, folds of similar orientation, 
carbonate lithology, and moderate to intense vein development. Individuals 
in group 6 all share common attributes including: Lower Cambrian age, 
upright facing direction in the hinge zone of the Deseret anticline, intense 
vein development, minor brecciation, and an absence of both folds and 
cleavage. The individuals in group 7 were previously shown to correspond 
in the first analysis (group 3). Individuals comprising group 8 share many 
common attribute^ including: age and formation, structural position, 
orientation of both cleavage and bedding, minor brecciation, and moderate to 






















the groups defined by the first two analyses (groups 1-4), indicating that the 
third analysis provides a more accurate correspondence between individuals.
Table III summarizes the attributes which were shown to correspond 
by the three analyses. When compared to groups of individuals which were 
shown to correlate by these analyses, groups of corresponding attributes share 
a greater number of similarities. Veining and brecciation were shown to 
correspond by each of the three analyses, and hinge axes and surfaces were 
shown to correspond by both the first and third analyses. The correlation 
between hinge surfaces and. axes is very clear. Wherever folds were observed 
in fhe field, both hinge axes and surfaces were recorded, and both are 
represented in the contingency table by a similar azimuth direction. This 
obvious correspondence was obscured ir\ the second arfalysis because the 
iteration function substituted normalized values for these attributes at 
locations where they did not exist, and therefore their occurrence was not 
unique. Although shown by all three analyses, the correspondence between 
brecciation and veining is not clear from examination of the contingency 
table or field study. Brecciation occurs in only three of nineteen locations 
where veining is moderately to well developed. At the remaining sixteen 
locations vein development was poor in only two sites. The two attributes 
are thought to result from different geologic processes which occurred, in 
part, at different times. Brecciation occurs in proximity to Tertiary age 
normal fault zones and within the hinge zone of the Mesozoic Oeseret 
anticline. While much of the veining is believed to have t>ccurred primarily
V
in response to Mesozoic folding and thrusting.
Correspondence between attributes not depicted in the third analysis 
include groups 3, 4 & 6. From examination of the contingency table, a clear
f
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correlation is observed between attributes comprising these respective 
groups. Group 3 shows a correspondence between stMtigraphic formations 
and their facing directions. Geologically, this is a feasible correlation because 
only certain units occupy particular structural fKJsitions in the Deseret 
anticline which generally have the same facing direction. Similar reasoning 
can be applied to group 6, in that particular structural positions within the 
Deseret anticline generally have the same facing direction. While the 
correspondence of attributes within groups 3 and 6 shown in the first two 
analyses appears to be real, that is they can be supported by geologically 
fea’sible interpretations, their correlation is still apparent from the third 
analysis by examination of the relative percentages of each factor shown by 
the ternary diagram (Figure 19). For example, a correlation betwee^ the 
attributes of group 4 is apparent by their similar percentages of factor 2. And 
a correspondence can be observed between the attributes of group 3 by their 
similar percentages of factor 1.
Table IV summarizes the correspondence of attributes with 
individuals resulting from three analyses. Group 1 correlates fold data with 
four locations where folds of similar orientation occur. This correspondence 
may be observed in the ternary diagram of the third analysis, although in a 
relatively lesser extent by their similar percentages of factor 3 (Figure 19). 
Group 2 shows correspondence between five individuals and their facing 
direction. Because three of the individuals represent locations where the 
facing direction is overturned and the remaining two where it is upright,
V
this apparent corr^alion is believed to represent a miscorrespondence of 
data. Similar miscorrespondence also occurs within group 3 which correlates 






















attributes representing formation age and bedding orientation. From 
examination of the contingency table, no correspondence between the 
individuals and attributes within groups 2 and 3 is apparent.
From examination of the methods used to treat missing data, the third
analysis, which discerned between the typ>es of missing data, provides the
most accurate correlations. The first two analyses, which did not discern
between the types of missing data, showed some miscorrespondence of data
while the third analysis did not. The third technique employed an iterative
function to generate normalized values for attributes which occurred at
particular locations but were not measured and recorded, and used zeros to
»
represent the physical absence of an attribute which did not exist at a site. 
While the first two methods did show some real correspondence am^ng, 
respectively, individuals and attributes, and also individuals vyith attributes, 
which were not as apparent in the third analysis, the third analysis often 
showed a lesser correlation of such data. This lesser correspondence was not 
reflected as a clustering of points on the ternary diagram, but by similar 
relative percentages of one of the three factors (FI, F2 & F3). Ternary 
diagrams prove useful in identifying miscorrespondence between data, 
showing "relative correspondence" of data, and validating the method of 
representing missing data in the contingency table.
Use of multivariate statistical analysis for geologic inference
The following^discussion addresses the use of multivariate statistical 
analysis, in this study, for making geologic inferences. As previously 
rnentioned in Chapter I, the purpose of this study, in part, is to use
r
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correspondence analysis to investigate the nature and evolution of folding 
and faulting in the Stansbury Mountains.
Results of the multivariate statistical analyses, in this study, show 
correspondence between various geographic locations, geologic 
characteristics, and locations with common geologic characteristics including: 
structural position with respect to the Deseret anticline and the Broad 
Canyon thrust, orientation, age, lithology, and types and/or degree of 
deformation.
The analysis may help in characterizing deformation at various 
structural positions within the study area. For example, it is apparent from 
the analysis that rocks in the lower plate, adjacent to the Broad Canyon 
thrust, are typically folded, moderately to intensely veined, overturned, and 
unbrecciated. It is also apparent that strata in the upper plate of the B^pad 
Canyon thrust are very similar to footwall rocks although brecciation is 
much more common. The higher degree of brecciation in the upper plate is 
due to the occurrence of the hinge zone of the Deseret anticline and the 
•abundance of normal faulting within the overturned forelimb.
While characterizing deformation throughout the study area is 
necessary for structural interpretation, use of multivariate statistical analysis 
is not. In the case of this study, correspondence analysiTonly aided in 
confirming geologic correlations which were previously apparent from close 
field examination. More useful results may have been obtained from a 
larger data set consisting of additional field stations and a greater variety of 
geologic data, and possibly by using different numerical representations of 
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CHAPTER V - CONCLUSIONS
1) Correspondence analysis serves as a useful technique for confirming 
susp>ected relationships between deformation which occurs in the upper and 
lower plates of the Broad Canyon thrust.
2) The Mesozoic Deseret anticline is an unusually tight, east-vergent, fault- 
propagation fold developed in the upper plate of the Broad Canyon thrust.
3) The Deseret anticline overprints a preexisting, broad, north-trending 
anticline (the Stansbury uplift) formed during Late Devonian time.
4) An estimated minimum> horizontal crustal shortening of 10 km occurred 
on ^he Broad Canyon/Tintic Valley thrust system.
5) The Broad Canyon/Tintic Valley thrust system soled but into a regional
decollement which existed within or stratigraphically below late Precambrian 
strata. , '
6) Two dimensional strain in the eastern upright limb of the Martin Fork 
syncline, in the northeast part of the Stansbury Mountains, is quantified 
locally by an R value of 2.0, where the axis of maximum elongation (x) is 
oriented 43°/N82°W, and the axis of maximum negative elongation (y) is 
oriented 9VN15°E.
7) The Tertiaryf?) conglomerates exposed in the east-central part of the 
Stansbury Mountains probably represent synorogenic deposits shed off the 
Deseret anticline during folding and coeval transport along the Broad 
Canyon thrust.
8) The Stansbury Mountains have been tilted a minimum 30“ eastward since 
the deposition of the -39-42 m.a. old extrusive rocks comprising the east 
flank volcanic field.
9) . The Stansbury Mountains have been affected by two episodes of post- 
Eocene, dominantly west dipping, normal faulting, as evidenced by, an older 
set of north to north-northwest-trending, moderate- to low-angle faults 
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Figure 1. Regional location map of the Stansbury Mountains and surrounding 
ranges in north-central Utah.
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■4 A A thrust fault, teeth on upper plate 
-A-----east margin of Antler orogenic belt
Figure 2. Map showing the locations of the eastern margin of the Sevier & 
Antler orogneic belts, Uinta trend, and Stansbury Mountains (modified after 
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Figure 3. Column of strarigraphic units in the Stansbury Mountains.
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Figure 4. Generalized geologic map of the Stansbury Mountains and vicinity; 
BCT = Broad Canyon thrust; MFS = Martin Fork synscline; TVT = Tintic Valley 
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Figure 5. Geologic map the study area located in the central -part of the Stansbu y Mountains (modified after 
Jordan and Allmendinger, 1979; and Sorensen, 1982). 
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Figure 6. Cross section A-A' across the central part ofthe Stansbury Mountains (the Martin Fork syncline & fault 














e pre-Ter~iary (pr~-extensional) st~cture of the central part of the Stansbury Mountains. 
'V?:,-
1) Lakeside Mountains; 2) northern Stansbury Range; 3) southern Stansbury Range; 4) 
Stansbury Island; 5) southern Oquirrh Mountains; 6) Sheeprock Mountains; 7) East 
Tintic Range; 8) southern Wasatch Range; 9) central Wasatch Range; 10) western Uinta 
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Figure 8. Paleogeologic map of1formations exposed at the beginning of Mississippian 
time in central and northeaster,\ Utah (After Rigby, 1959). Index to localities include: 
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Figure 9. Schematic fence diagram of the Stansbury Mountains and vicinity, showing the area of nondepostion during 





Figure 10. Lowei;^hemisphere, equal area, stereographic projections from the 
Deseret anticline: a) trend and plunge of silica fiber growths on bedding 
surfaces in the backUmb and ^verage mean (■); b) poles to planes of bedding 
in the backlimb and average mean (■); c) poles to planes of bedding from the 
backlimb, forelimb, and hinge zone and the trend and plunge of the Deseret 
anticline (■); and d) poles to planes of fractures in Tintic quartzite in the hinge 
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. - HINGE AXES
Figure 11. Lo\^er hemisphere, equal area, stereographic projections from the 
Deseret anticline (DA) and Martin Fork syncline (MFS); a) poles to planes of 
bedding in the overturned^forelimb of the DA; b) orientation of mesoscopic 
folds in the overturned forelimb of the DA; and c) orientation of the strain 
ellipse derived from strained polygonal mudcracks in the eastern upright limb' 
of the MFS.
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Figure 12. Three models of fault-related folds: A) fault-bend folding, B) 
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Figure 15. Strain analysis of deformed mudcracks from the Upper Mississippian 
Great Blue Limestone within t^e eastern, upright limb of the Martin Fork 
syncline, near Little Mountain: a) outline of deformed mudcracks traced from a 
photograph taken normal to outcrop exposure; b) graphic-solution of the strain 






















Figure 16. Simple listric normal fault model illustrating the eastward tilting of basin-range fault blocks in north-central u~. . . 
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